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00 (54) Title: STENT COATING 

o 

^ (57) Abstract: A stent having a polymeric coating for controllabiy releasing an included active agent. The polymeric coating ini- 
^ cudes a blend of a hist polymeric material, which if alone, would release the agent at a fust, higher rate, and a second polymeric 
v material, which if alone would release the agent at a second, lower rate over a longer time period. One stent coating utilizes a faster 
Q releasing hyaxophilic polymeric material and a slower releasing hydrophobic material. One stent coating includes a blend of a faster 
releasing PLA-PEO copolymer and a slower releasing PLA-PCL copolymer. One active agent is Taxol. One use of the Taxol deliv- 
^ ering stent is to inhibit restenosis following angioplasty. 
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STENT COATING 
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can be either balloon expandable or self-expanding. After angioplasty balloon 

dilatation, the previously constricted vessel is at least temporarily widened. A stent 
can be delivered on a catheter and expanded in place or allowed to expand in place 
against the vessel walls. With the stent in place, restenosis may or may not be 
5 inhibited, but the probability and/or degree of blockage is reduced due to the 
structural strength of the stent opposing the inward force of any restenosis. 
Restenosis may occur over the length of the stent and be at least partially opposed by 
the stent. Restenosis may also occur past the ends of the stent, where the inward 
forces of the stenosis are unopposed. 

10 Therapeutic agents to inhibit restenosis have been used with varying success. 

Taxol, an antimicrotubule agent isolated from the bark of the western Pacific Yew 
tree, is especially effective in inhibiting some cancers and is believed to be effective 
in combating restenosis. Systemic administration of Taxol can have undesirable side 
effects, making local administration a preferred mode of treatment. 

15 Local administration of Taxol may be more effective when carried out over a 

longer time period, such as a time period at least matching the normal reaction time of 
the body to the angioplasty. At the same time, it may be desirable to provide an initial 
high dosage of Taxol over an initial period. Local administration of Taxol over a 
period of days or even months may be most effective in inhibiting restenosis. 

20 Controlled release of therapeutic agents can utilize various technologies. 

Devices are known having a monolithic layer or coating incorporating a 
heterogeneous solution and/or dispersion of an active agent in a polymeric substance, 
where the diffusion of the agent is rate limiting, as the agent diffuses through the 
polymer to the polymer-fluid interface and is released into the surrounding fluid. In 

25 some devices, a soluble substance is also dissolved or dispersed in the polymeric 
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having a first, high release rate and a second co-polymer having a second, lower 

release rate relative to the first release rate. The first and second copolymers are 
preferably erodible or biodegradable. In one embodiment, the first copolymer is more 
hydrophilic than the second copolymer. In one embodiment, the first copolymer 
5 includes a polylactic acid/polyethylene oxide (PLA-PEO) copolymer and the second 
copolymer includes a polylactic acid/polycaprolactone (PLA-PCL) copolymer. 

The relative amounts and dosage rates of active agent delivered over time can 
be controlled by controlling the relative amounts of the faster releasing polymers 
relative to the slower releasing polymers. For higher initial release rates the 
10 proportion of faster releasing polymer can be increased relative to the slower releasing 
polymer. If most of the dosage is desired to be released over a long time period, most 
of the polymer can be the slower releasing polymer. The stent can be coated by 
spraying the stent with a solution or dispersion of polymer, active agent, and solvent. 
The solvent can be evaporated, leaving a coating of polymer and active agent. The 
15 active agent can be dissolved and/or dispersed in the polymer. In some embodiments, 
the co-polymers can be extruded over the stent body. 

In use, the stent can be put into position in a body vessel such as a coronary 
vessel after a procedure such as angioplasty. The stent can be left in position, and the 
erodible or biodegradable coating allowed to degrade. As the polymeric coating 
20 degrades, the active agent can absorb into the vessel walls. 

Description of the Drawings 
Fig. 1 is a perspective view of a stent in accordance with an exemplary 
embodiment of the present invention; 

Fig. 2 is a perspective view of a further preferred stent in accordance with the 
25 present invention; and 
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Fig. 3 is a magnified, partial plan view of the stent ot tig. 

polymeric coating of the present invention disposed thereon. 

Retailed Description of the Invention 
The prese », invent Modes a M having a polyene eoa,in 8 for 
, de,i,enn e a bW or «« subsrance over a .* - 

p^d The ^ eoa, M. » to. polymer and a second polyme, where ,he 

^ woold -one, and ft. dep.Ce .he acve e 6 en, immobihzed by *e ft. 

,. *« f,ra.polym.r is hydmphiUc and ft. second polymer ia hydrophobic. 

Refemng now . ft. drawings wherein Uk. reference nnm.ra, S refer .0 H. 
M — ,he s.v.ra, v,=ws, Fi, . shows . perspective view of a sren, ,0, 
h a n„,.xpa„d.d form, m accordance wirh *. presen, inv«n,ion. The SK.1.U, frame 

C0 „ K l4 . The areas wirhin >h. U-ahaped — 14 are open MM no 
^ begins 0, end ,0 a«P=n„ne p.„.m, w,re ,2 forms e^h„ 

„ is „f .he aren, .» so « * U-ahaped — ,4 of ab„„in g serpent — 

t «^„t id Throueh the interconnecting 
20 may be joined through an interconnecting element 20. Through 

• 1 1 framework is created between multiple serpentine 
elements 20, a continuous wire 12 framework is crea 

elements 18 forming the stent 10. 

Fig 2 shows a porspecrive view of a nardrer profaned sren, i.O in aocordnnce 
wit „ «he preaenr inveniion. This sren. 1 .0, aiso has , oonlinuous wire U2 tanewo*. 
B This ft am.wor, however, ia man-minnd by a reperirive — 
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114. The areas within the rectangular wire element 114 are open 116. The 

rectangular wire elements 1 14 are aligned lengthwise in the longitudinal axis of the 
stent 110. Adjacent rectangular wire elements 114 are offset half the lengthwise 
distance of a similar rectangular wire element 1 14. The end of the stent is formed by 
5 the full completion of one rectangular wire element 114, and the subsequent open end 
of the adjacent rectangular wire element 122. Thus, the ends of the stent possess an 
alternating open-closed wire configuration. 

These stents are exemplary of stents which may incorporate the present 
invention. These, and other suitable stents are disclosed in U.S. Patent Application 
10 Serial No.^ 08/874,190, filed June 13, 1997, entitled "Polymeric Layered Stent", of 
which the disclosure is incorporated herein by reference. 

The term "wire", as used in describing the frame material, should not be 
mistaken as being limited to metallic materials. In fact, the "wire" forming the stents 
10 & 110 may consist of any biocompatable material possessing the structural and 
15 mechanical attributes necessary for supporting a diseased vessel. Thus, both metallic 
and polymeric materials are suitable. Examples of preferred biocompatable metallic 
materials include stainless steel, tantalum, nitinol, and gold. Preferred polymeric 
materials may be selected from the list immediately below, which is not exhaustive: 

poly(L-lactide) (PLLA), poly(D,L-lactide) (PLA), polyglycolide (PGA), 
20 poly(L-lactide-co-D,L-lactide) (PLLA/PLA), poly(L-lactide-co-glycolide) 

(PLLA/PGA), poly(D, L-lactide-co-glycolide) (PLA/PGA), poly(glycolide-co- 
trimethylene carbonate) (PGA/PTMC), polyethylene oxide (PEO), 
polydioxanone (PDS), polycaprolactone (PCL), polyhydroxylbutyrate 
(PHBT), poly(phosphazene), polyD,L-lactide-co-caprolactone) (PLA/PCL), 
25 poly(glycolide-co-caprolactone) (PGA/PCL), polyanhydrides (PAN), 
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butymte), polyacrylate. po.yacryUmid, po,y(»ydr„xyemyl tnethacryhf.). 

oUsdn polypi P< " yS " 0M,K an<1 

copolymers. 

Tk, skel «, framework of ,he stents may be formed rhrough various methods 
as we.,. The framework ma, he welded, mo.ded, or consist of filaments or fibers 
which are wound or bearded together in order to form a continuous srrucrure. 

Often it is beneficin! to horn stcn, and bear the MM «• of 
vessel A rherapeutic agent, rherefore, can be ineorporared ,n,o a polymer and applieu 
,0 to me srent ,0 as a polymeric surface tmatment. The incorporation of a mempennc 

^forming me stent into a drog-delivery system. Drugs and treatments which 
mifize an.i,ht„mboge„ic agenrs, anti-angiogenesrs .gen., anti-ptoliferative agenta. 
gro wm factors, end radiochemicals m.y be madily deployed fiom within the matnx of 
, s * pn.ymeric surface treatment. Specific examples of preferred rhempeuhc agon, 
include angiop^in, colchicine, lo.asnr.in, trapidil, riclopidine, hirudin, Taxol, 
heparin, and growth fa=ro.s VEGF, TGF-ben., IGF, PDGF, and FGF. 

Tne app.ica.ton of such a surtaco bearmen, is genom.ly accomplished through 

» in order to incorporate the mempeuric agen, within the polymer matrix. Tbe apptted 
mixmre preferably comprises . solvent, a polymer, .nd a therapeutic wtm 
subs e q uon. evaporarron of the solvent to leave a po,ymeric coating 30 an depicted .„ 

Fig. 3. 

As previously stated, the present invention is directed to a polymeric coating 
25 incorp ora«ng a .leasable therapeutic agent, wherein upon implantation the rate and 
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duration of the agent is controlled to selected parameters which optimize treatment. It 

has been found that selected ratios of a mixture of a hydrophilic polymer and a 
hydrophobic polymer provide desired control of drug release. 

In a preferred embodiment, the hydrophilic polymer includes a co-polymer of 
5 poly lac tic acid (PL A) and polyethylene oxide (PEO). In a preferred embodiment, the 
second polymer includes a co-polymer of polylactic acid (PLA) and 
poly(caprolactone) (PCL). The PLA-PEO copolymer is hydrophilic and erodes faster 
relative to a similar hydrophobic polymer in the body environment where the coated 
stent is positioned. The PLA-PCL copolymer is hydrophobic, and degrades more 
10 slowly than a comparable hydrophilic polymer. In a preferred embodiment, the 
polymer coating is formed of a blend of PLA-PCL and PLA-PEO. In preferred 
embodiments, the hydrophilic polymer has a molecular weight of greater than about 
10,000 (Mn) and the second polymer has a molecular weight of greater than about 
20,000 (Mn). 

15 Formation of PLA-PEO copolymers is well known to those skilled in the art. 

See for example, U.S. Patent Nos. 5,476,909 and 5,548,035, herein incorporated by 
reference. Formation of PLA-PCL copolymers is also known to those skilled in the 
art. See for example, U.S. Patent No. 5,470,829, herein incorporated by reference. 

One preferred embodiment includes about 20% by weight PLA-PEO and 

20 about 80% by weight PLA-PCL copolymers. Another embodiment includes about 
50% by weight PLA-PEO copolymer and about 50% by weight PLA-PCL copolymer. 
The embodiment having about 20% PLA-PEO and 80% PLA-PCL delivers the active 
agent over a longer time period, but with a lower initial release, relative to the 
embodiment having the 50%/50% PLA-PEO/PLA-PCL combination. The relative 

25 amounts of PLA-PEO and PLA-PCL can be adjusted to achieve the desired 
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combine of high i„i,i.l dosag. rato and sub^ucn, .owe b», longer Usring 
dosage rate. 

,„ one preferred embod,mcn,, the active ag.n, or tocmpeuric subtfar.ee is a 
^aia-inhibidng agent. A preferred ,es,enori,tohibiring age., includes a 
, .ntorotubule subiliaing agon, such as Taxoi, paclitoxe,, anaiogue, deprives, and 
cruras .hereof. Fo, exampi, derives baiieved suiiabie for use in the presen, 
invention include r-suocinyl-uxol, 2'-succinyl-u*ol tnedtanoiaminc, 2'-gIutoryI- 
,»„,, 2^1- uxo, metoauolamine salt, 2'.0-os,.r with N-,dint.,byiaminoc t hyl) 
gtouunino, ond r-O-r wi,h MdimeihyUmincethyO gl«,»»ridc hydrochloride s»,«. 

The Taxol can be dissolved or dispersed in the polymeric .notorial, and Ore 
p0 , y m.nc ma,eri»ls adhered to toe sren, body. In embodies bavin 8 a blended 
contoinorion of PLA-PEO and PLA-PCL, to. polymeric combination can be spmyed, 

dipped or extruded onto the stent. 

The polymeria coaring of toe pmsnn, invenrion can bo used wito various 
„■ s , e „ K . A preferred use for toe soaring is for coronary stonU. T* stents can be usod 
Mowing ongioplasry to inhibit restonosi, The ston, body can serve to bo.d to. 
_ opon .gains, any —is and to derive the resrenoais-inhibiring .gent In 
0 „e embodiment, the coaring is aubstantiaUy conrinuous over too stem body. In 
mMh er embodiment toe coating is primarily over toe .ton, .trustor, bu, no, over toe 

20 apcrtore, For example, » • - f °™< °" ™ "* *' ~*< " *"* 
adhere to too wire, witoou, covering toe apemros dterebeween. 

In us e, . Ston, .ccording to too proson, invonrion can bo selectod .ocordin, to 
fcsired releuse dosogo prof-Ie and provided to toe Ato " 

angioplasry pmcodurc. toe ooatod .ton, having dr. «-huribi.ing aorive .gen, 
2S can bo deliver* to rhe s-enosed, rocendy dilated cmonury artory region. Derive* can 
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be accomplished using methods well known to those skilled in the art, such as 

mounting the stent on an inflatable balloon disposed at the distal end of a catheter. 
With the stent advanced into position near the dilated region, the stent can be forced 
outward and into position against the inner vessel walls. If the stent is self-expanding, 
5 the stent can be delivered by deploying the stent from within a delivery device, 
allowing the stent to expand against the inner vessel walls. The active agent, as it is 
released from the eroding polymeric coating, can be absorbed by the inner vessel 
walls. Over time, the polymeric coating is eroded by bodily fluids. 

Numerous advantages of the invention covered by this document have been 
10 set forth in the foregoing description. It will be understood, however, that this 
disclosure is, in many respects, only illustrative. Changes may be made in details, 
particularly in matters of shape, size, and arrangement of parts, without exceeding the 
scope of the invention. The inventions's scope is, of course, defined in the language 
in which the appended claims are expressed. 
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What is claimed is: 

1 . A stent comprising: 

a stent body; 

. co».i»8 deposed over a, leas, a ponion of said body; and 

. ^ » 8 - dispersed ,o said coa,in g , whercn said coaung 

W*. a mi,hne of ■ « - ' — Whe,ei " 

„,„,y m er releases said a 8 «n, a, a M - and sa,d secono co-polyme, release sn,d 

than said second rate. 

2 . A „.„. as reci,ed io claim i, wherein said firs, co-po.ymer is 
hydrophilic. 

3. A stent as 
hydrophobic. 



t eci,.d in claim 1, wherein said second co-polymer is 



4 A s «„ „ «ci«d in claim i, wherein said ft. c„-po,ymer . 
hydrophilic and said second cc-polyme, ia hydrophobic. 

, A — as ,.c„=d in Cain, 1, wherein said fin, co-polynrcr includes 
PLA-PEO. 

, A sren, »a recired in claim I. where said — 



PLA-PCL. 
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7. A stent as recited in claim 1, wherein said first co-polymer includes 

PLA-PEO and said second co-polymer includes PLA-PCL. 



8. A stent as recited in claim 7, wherein said agent includes an agent 
selected from the group consisting of paclitaxel, paclitaxel analogues, paclitaxel 
derivatives, and combinations thereof. 

9. A stent for controllably releasing a biologically active agent over a 
long time period comprising: 

a stent body; 

a biologically active agent; and 

means for adhering said agent to said stent body and controllably releasing 
said agent from said stent body over time, wherein said means for controllably 
releasing said agent includes a combination of a first means for releasing said agent at 
a first rate over a first time period and second means for releasing said agent at a 
second rate over a second time period, wherein said first rate is faster than said second 
rate and said first period is shorter than said second period. 

10. A stent as recited in claim 9, wherein said first means for releasing 
includes a bioabsorbable polymeric material and second means for releasing includes 
a bioabsorbable polymeric material, wherein said first means is absorbed faster than 
said second means. 

11. A stent for releasing a biologically active agent inside the human body 
comprising: 
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a stent body; 

. — — — 4 "" h MM ^ COa " nB ' 

copolymer. 

u A - as recited in cLim .1, said tW age* 

,„,.og U es. paditaxel derivatives, and combinations rtaoof. 

, 3 A method for inhibiting restenosis comprising the steps of: 
proving . - inc^g a coating havtng . b,e„d of , PLA-PEO copoiyme, 
md . PLA-PCL copoiymer, wherein said coating » • — ■ «*~ 

p acltoe , derives, and combination, thereof mixed therein, soch « said -gen. . 
re , ease<1 „« a dm. period iongor rhno woofd be reused by s,d PLA, E 0 
copoiyme, aione, and reieased over a time period shorter than «- - — 
PLA-PCL copolymer alone. 
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